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ABSTRACT
The solar particle events of November 18, 1968,
February 25, 1969, and March 30, 1969 have been studied using
data from the University of Iowa detector system aboard the lunar
orbiting satellite Explorer 35- Protons, alpha particles, and
Z > 3 nuclei are registered in the solid state detector of the
system for the following energy ranges: 0.32 > ft > 6.3 MeV,
— p —
O.U8 > E > 3.0 MeV, 2.0 > E-. > 10.2 MeV, and E~ > 0.5
— p -• —• C* ~ u,iM,U ~~
MeV/nucleon. An omnidirectional CM tube records protons of energy
> 55 MeV. Included in the study are interplanetary propagation,
particle anisotropy, and the intensity ratios of protons to alpha
particles and of alpha particles to C,N,0 nuclei above a common
specific energy of 0.5 MeV/nucleon.
The initial rise to maximum intensity and a portion of the
decay phase for protons of energy > 55 MeV are in close agreement
with diffusion models. At later times in all events, sections of
the decay phase follow exponential laws. The time histories of
the intensities of particles of lower energies (> 0.3 MeV) do
not agree with any of the diffusion models. However, portions of
the decay phase, even here, follow an exponential law. Diffusion
coefficients and decay constants for all the three events are
given. Anisotropies are large during the early phases of all
events and dwindle with increasing time. Magnitudes and directions
of anisotropies are given. Proton to alpha intensity ratios lie
between 20 and 80, and alpha to C,N, 0 intensity ratios lie between
5 and 25. Both ratios vary from event to event and during the
course of individual events.
I. INTRODUCTION
Considerable progress has been made during the last decade
in our understanding of solar particle events. The energy
threshold of detectors has been progressively reduced leading to
measurements at present of solar particles of a few hundred keV
per nucleon. Furthermore, the lowering of the particle energy
threshold has led to the detection of an ever larger number of
events. The low energy events exhibit complex intensity-time
features with marked differences among different events.
Simultaneous measurements of the various species of solar
origin have shown that the ratio of intensities of protons to
alphas and alphas to nuclei of Z > 3 vary from event to event as
well as during individual events [Venkatarangan et al., 1970;
Armstrong and Krimigis, 1970; Lanzerotti, 1971]. The present
status of solar particle events has been reviewed by Fichtel and
McDonald [1967] and Lanzerotti [1971]. Using simultaneous
observations from three spacecraft, Krimigis et al. [1970] have
made a detailed study of solar particles of energy > 0.5 MeV.
In this paper we present observations of low energy
( > 0.5 MeV/nucleon) solar protons, alpha particles, and nuclei
having Z > 3, associated with the flare increase registered on
November 18, 1968, February 25, 1969, and March 30, 1969. Also
presented are measurements of protons of energy > 55 MeV. These
have been recorded by the University of Iowa detectors on the
lunar orbiting satellite, Explorer 35, which was outside the
magnetosphere during all three events. The three events occurred
under different interplanetary situations and hence one would
expect differences in propagation and arrival of particles at the
earth. The time variation of fluxes of high energy particles
recorded by ground level neutron monitors for the events of
November 18, 1968 and February 25, 1969 exhibit west limb profile
characteristics whereas the one associated with the event of
March 30, 1969 is suggestive of a flare on the east limb of the
solar disk.
A Forbush decrease in cosmic ray intensity began on
November l6. The flare increase of November 18 occurred during
the recovery phase of the decrease and was associated with a
geomagnetic storm. Thus the interplanetary medium was ideally
suited for flare particles to arrive directly at the earth.
There was a small geomagnetic storm and a Forbush decrease
associated with the flare increase about two days later.
The flare increase of February 25 was preceded by a few days
of reasonably constant cosmic ray intensity and little
geomagnetic activity. Thus there was presumably no direct easy
access for the flare particles to arrive at the earth. The flare
was followed by a Forbush decrease and geomagnetic storm,
indicating the arrival of the low energy plasma. The flare
increase for high energy particles on March 30 took about nine
hours to reach a maximum and occurred at the conclusion of a
recovery from an earlier Forbush decrease. The post-flare
geomagnetic storm and Forbush decrease were also observed.
7II. DESCRIPTION OF DETECTORS
A brief description of the University of Iowa detectors on
board Explorer 35 is given here. For fuller details the reader
is referred to the paper by Van Allen and Ness [1967]. There are
three Geiger Muller tubes (Ml, (342, and (M3, and a four channel
solid state detector, EN1, FN2, PN3, and FNk, with a four sector
scanning arrangement for FN1, FNk, and (Ml. The axes of (Ml and
the solid state detector lie in the ecliptic plane while the axis
of GM3 points continuously toward the north ecliptic pole. GM2 is
anti-parallel to GM3-
Except during optical eclipse of the spacecraft by the
moon, the counting rate of (Ml section III is (almost) always
dominated by the contribution of solar X rays [Drake et al., 1969]
Hence the angular distribution data for electrons under non-
eclipsed conditions comes from (Ml sectors I, II, and IV, and
from (M3- A thick cap (l gm/cma) on the collimator of GM2
shields it from soft protons and electrons, and it registers
protons of energy > 30 MeV within about 1 sr. However, the
effective energy threshold for this omnidirectional detector
has been shown by detailed numerical calculation to be
8E ~ 55 MeV for proton spectra of reasonable form [A. L. Burns
and J. A. Van Allen, private communication]. The counting rate of
GM3 in excess of that of GM2 is due to electrons of energy
?s 48 keV and/or to protons of energy between 0.82 MeV and about
55 MeV. When the contribution of protons to GM counting rates is
small, the counting rates of GM1 sectors I, II, and IV are essen-
tially due to electrons of energy ^ k8 keV and this is the case for
sector III of (ML during optical eclipse.
The solid state detector counts protons, alphas, and
Z > 3 nuclei. Use is made of a thin silicon surface barrier
detector (thickness 19.6 microns) and four discrimination levels
are set. Figure 1 shows the AE versus E curves for various
incident nuclei. The discrimination levels PI and P2 respond
mainly to protons; P4 essentially to alpha particles only; and
P3 to Z > 3 nuclei only. Although charge separation in P3 is not
possible it seems reasonable to assume the response to be pre-
dominantly due to the C,N,0 nuclei [Biswas and Fichtel, 1965].
The solid state detector is insensitive to solar X rays and
electrons and yields an angular distribution of protons in PN1
sectors I, II, III, and IV, as well as a two point energy spectrum
from combining PE1 and PN2. Further, an angular distribution of
alpha particles is available from FNh sectors I, II, III, and IV.
Armstrong and Krimigis [1970] have examined several possible
sources of spurious effects leading to false alpha and Z > 3
signals in Pk and P3 channels and have shown that they are in-
sufficient to account for the observed responses. The responses
of Pk and P3 were adopted as giving the intensities of alpha
particles and Z > 3 nuclei, respectively. The principal
characteristics of the particle detectors on Explorer 35 are
given in Table I.
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III. TIME HISTORY OF THE FIAHE EVENTS
November 18, 1968 Event: The onset of the flare increase
-^|^ »N*^ ^^ >^ >^ -^vxv*^ x^ Jl^ »>^ x^ x^ >^x*^ X^ J»v»"vx\xN*^ rf
in the neutron monitor was at 1050 UT on November 18, the rise
time to maximum intensity was ~ 5 minutes, and the decay time
~ 15 hours (Figure 2a). The burst of X rays commenced at 1026 UT
and reached a maximum at 1057 UT as registered by the GM tubes on
the satellites Explorers 33 and 35- Observation in H showed that
an optical flare of importance IB had started in the McMath plage
region number 9760 at N 19°, W 90° at 1026 UT and reached a maxi-
mum at 1058 UT [NOAA Solar Geophysical Data, December 1968].
The onset of the increase for protons of energy ^  55 MeV was at
105^  UT and low energy (> 0-5 MeV) particle fluxes started
rising approxjjnately an hour after the onset of the X-ray flare.
Figures 2b and 2c show the time histories of the hourly average
counting rates of GM2, and those of HO, PN2, PN3, and
PWU, namely, of protons in two energy ranges, Z > 3 nuclei and
alpha particles. The following comments are relevant. Protons
of E > 55 MeV show a sharp rise to maximum and a gradual decline.
The entire low energy event is quite complicated in its intensity-
time structure. Data with fast time resolution show that the
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low energy protons, alpha particles, and Z > 3 nuclei had approxi-
mately the same onset time. The counting rates in all channels
increased sharply to a maximum, decreased for about three hours,
and again continued to increase. Although the counting rates
for protons and alpha particles continued to rise until 0930 UT
on the 20th, the counting rate in H0 reached a maximum earlier
on the l^ th at l6lO UT. Except for this difference, all the
intensity-time profiles in Figure 2c are broadly similar. The
second increase noted above is presumably due to the effect of a
flare on the l8th at 1700 UT (no sc noticed). A very small effect
could be seen even for protons of E > 55 MeV. The decrease in
fluxes of low energy particles to their pre-flare values took over
k days. Table Ila summarizes this event.
February 25, 1969 Event: Figure 3a shows data from neutron
/\X\XNXNXV*VxXxwyO<*\X\xO\xC*\XV*N^vr\XM °
monitors at Calgary and Sulphur Mountain with the onset of flare
increase at 0930 UT, maximum at 0950 UT and decay lasting for
~ 10 hours. An X-ray flare onset at 0856 UT and maximum at 0918 UT
was identified at 0903 UT in the plage region 99^ 6, N13, W37
[NOAA Solar Geophysical Data, August 1969].
Figure 3b shows the time history of protons of energy
E > 55 MeV, with the increase in intensity starting at 0922 UT
on February 25. A fast onset and a gradual decay similar to the
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event of November 18 are seen. Before the decay is complete, two
intensity increases are observed. These are attributed to flares
of importance 2B starting at 0^ 19 UT on the 26th and at 1352 UT
on the 27th [NCAA Solar Geophysical Data, August 1969].
The low energy (> 0.3 MeV) event seen in Figure 3c has a
more complicated structure and a broader maximum, compared to the
other two events. This could be attributed to particles from the
other two flares on the 26th and 27th. Again the effect of earlier
flares on February 2k, 1969 in the plage region 99^ 6 is visible,
with the increase in low energy particles as early as 0200 UT on
February 25. Table lib summarizes this event.
March 30, 1969 Event: Figure ta shows the flare increase
/N^\^\X\X\X\^\X\X\X\X\X\X\XV^\X\«%«V«\XX/ '-'
of the neutron monitors, with the onset at 0600 UT on the 30th,
a rise to the maximum lasting nearly nine hours, and about a day
for the intensity to fall back to its original pre-flare value.
Slow rise to maximum intensity and very gradual decline are
characteristic of east-limb flares. An X-ray event with onset at
02^ 6 UT was observed by Explorer 35. Although many optical flares
were seen in the east between 0100 UT and 0600 UT, none was of
importance greater than 1N. Further, no west-limb flare was
seen [NOAA Solar Geophysical Data, September 1969]. Figure Ub
shows the time history of intensity of protons, of energy
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E > 55 MeV, with the slow rise to maximum and gradual decline.
Figure kc shows the event for low energy particles. Note the
similar characteristics and smoother variations for all the
species, for this event, in comparison to the event of November 18.
Table He lists data for this event.
IV. PROIft.GA.TION
Protons of E £> 55 MeV: Diffusion in the interplanetary
medium is involved in explaining the propagation of high energy
solar particles. The development of diffusion theories for solar
particles is chiefly due to Parker [1963, 1965]. For an infinite,
static, spherically symmetric medium the diffusion theory predicts
t
that a plot of loge[l(r,t)t ] versus t" should yield a straight
line. (I is the particle flux, r is the heliocentric distance,
t is the time, and 6 is a parameter independent of r and t.) If
the diffusion coefficient K is independent of r, 6 = 3/2, and
if K is of the form Mr (M a constant, p a time-independent
parameter), & = 3/(2-£). The slope of the straight line is given
•by S = - r2~^ /M(2-£)2 and this yields S = - r2/te for constant
diffusion coefficient (p = 0). Some diffusion models have an added
feature of an absorbing "boundary at some finite heliocentric
distance ( > 1 AU) to explain the observed exponential decay for
the fluxes.
From a study of a number of solar proton events and with a
suitable value for P ^  0, Krimigis [1965] has discussed the
isotropic diffusion model. He has shown that a straight line fit
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is often possible for an entire event, eliminating the necessity of
the assumption of an absorbing "boundary. Axford [196^ ] and Burlaga
[1967] have worked out anisotropic diffusion models to account for
the observed east-west asymmetry. Burlaga1s anisotropic diffusion
model with an absorbing boundary (ADB model) gives 6 = 5/2. The
addition of the absorbing boundary yields an exponential decay for
fluxes, as mentioned earlier.
Using half-hour averages of the GM2 counting rates, we have
attempted to obtain a diffusion fit for protons of E > 55 MeV on
the basis of the above theories. Our analyses are given in
Figures 5a, 5b, and 5c and can be summarized as follows.
(a) For the flare events of November 18, 1968 and
February 25, 1969 both the isotropic and anisotropic diffusion
models give an equally good fit up to t^ .^ The straight lines
have different slopes and thus give different diffusion coefficients.
(b) The decay for the events is not accurately exponential.
The isotropic model with P ^  0 gives a straight fit beyond tjnax
covering a portion of the decay phase (up to ~ 15 hours from
t ). The value of P for the best fit in each case is 0.6.
IDiELX
(c) The fit is good only for data up to near maximum
intensity for the event of March 30, 1969 and is insensitive
to values of P in the range 0 to 0.8. Even this event does not
follow an exponential decline.
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The events last for several days. Contributions from other
flares, particles of interplanetary origin, and changing conditions
in the interplanetary medium could be expected to affect the
intensity-time histories significantly. Thus an event lasting for
several days and still obeying a simple diffusion theory might be
a rarity.
However, the following characteristic of the decay phase
of all three events is noteworthy. Sections of the intensity-time
profiles when the particle fluxes are decreasing follow an exponential
decay. In the event of November 18, 1968 during the period between
00 UT on the 19th and 00 UT on the 24th, the particle fluxes appear
to undergo exponential decreases with two different decay times
(see dotted lines in Figure 2b). It is interesting to note that
a similar situation prevails for other events on February 25, 1969;
February 26, 1969; February 27, 1969; and March 30, 1969 (see
dotted lines in Figures 3b and 4b). The decay times have varied
from a few hours to a few days, the latter usually being the case
for decreases in particle fluxes at very late times in an event.
Decay constants observed mostly lie in the range of 10 hours to a
day, thus agreeing closely with ADCB model (anisotropic diffusion
convection with boundary) of Fonnan [1971]. It is relevant to
refer to the study of Lanzerotti [1971]. The results of the
diffusional analyses for protons of energy > 55 MeV are summarized
in Table III a .
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Low Energy Particles: Intensity-time histories become very
'v^ *N>lr^ x^ ^^ xx*^ w^Kx^ x^ x^ -«^ x^ x^ ^^ ^^ x^ xx» v v
complicated as the particle energy is lowered. A diffusion analysis
often fails at low energies although there are low energy events
like the event of April 13, 1969 (not shown here) where particle
intensities exhibit diffusive type profiles. Figures 6a and 6b
e n
showing the log (it ) versus t" plots for two events demonstrate
clearly that the low energy particles do not exhibit diffusive
time profiles on these occasions. Forman [1971] has argued that
the magnitude of equilibrium anisotropy present and the evidence
that the diffusion coefficient becomes small at low energies.show
that convection by the solar wind and particle energy losses are
important at low energies. The solution given by Forman for the
decay phase has an exponential character. The predicted decay
times are energy independent and have values between 15 and 17
hours.
The events of February 25, 1969 and March 30, 1969 exhibit
exponential decay, although only sections of the decay, as
indicated earlier, can be fitted with a single exponential law.
Decay times observed are of the order of 10 hours to a few days
(see dotted lines in Figures 3c and kc and Table IIIb). The
event of November 18, 1969 at low energies is very complicated
and does not seem to follow any regular pattern.
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Reference^Time: When plotting the log [l(r,t)t6] versus
t" curves, t is measured with reference to some initial time t ,
usually taken to be the onset of the X-ray flare or in its
absence, that of the optical flare. This assumes that the particles
are ejected from the flare site simultaneously with the production
of X rays. The choice of a particular t could be in considerable
doubt if the flare increase exhibits east limb flare characteristics,
since it takes several hours for particles to arrive at the earth.
However, errors of the order of a few minutes in the
selection of the initial time have little effect. Even a difference
of one or two hours does not cause an important change in the
overall nature of the curve. The effect is significant only for the
early portion of the intensity-time profile. As t increases, errors
decrease as can be seen from the diffusion solution
f(r, t) = f(ro, to) e-r2/kt 1/t6
and Figure 7 where log (it ) versus 1/t is plotted for the event
of March 30, 1969 with t = OkOO UT and t = 0600 UT (see also
Krimigis [1965]).
19
V. INTENSITY RA.TIOS OF P/a and a/C,N,0
Protons, alpha particles, and Z > 3 nuclei above a common
specific energy range of 0.5 MeV/micleon are detected by channels
PN2, PNU, and PN3, respectively. Thus the ratios of the counting
rates of PN2 to FNh and PN4 to PN3 give ratios of fluxes of
protons to alpha particles and alpha particles to Z > 3 nuclei
compared as to equal energy per nucleon. As stated in Section II
of this paper, the response in PN3 is mainly due to C,N,0 nuclei,
and contributions from several possible sources of spurious
effects in PN3 and FT& are negligible. The intensity ratios of
P/a and a/C,N,0 for the three events varied significantly
from event to event and during the course of an individual event
as can be seen from Figures 8a, 8b, 8c, 9a, 9b, and 9c. The ratio
oc/C,N, 0 varies between ~ 5 and ~ 25. The P/a ratio lies between
~ 20 and ~ 80, the greatest value being on November 20. Broadly
speaking, the ratios increase with time from the time of
onset, attain a maximum, and then either stay approximately
constant or decrease with time.
In the event of November 18, 1968 the ratio P/a increases
initially with time as do the counting rates in both channels PN2 and FNk.
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Later the ratio decreases and then again increases on the 22nd, al-
though the counting rates steadily decrease. The ratio a/C,N,0
shows less variability and reaches a "broad maximum a little earlier
than the ratio of P/a. A slow decline with time is observed. In
the February 25, 1969 event, the ratio P/a increases with time
from the onset. The fluxes of protons, alpha particles, and
Z > 3 nuclei start decreasing from ~ 00 UT on the 27th. Intensities
of alpha particles and Z > 3 nuclei decrease more rapidly than
does the proton flux. However, the ratio P/a reaches a maximum
on the 28th at 1200 UT. The ratio a/C,N,0 varies much less and
shows a broad maximum. The intensity-time histories of protons,
alphas, and Z > 3 nuclei are all generally similar during the
event of March 30, 1969. We note that the ratio P/a increases
steadily from the time of onset of the flare increase as in the
other events. The ratio reaches a maximum on 2 April at 00 UT
while particle fluxes have dropped significantly by this time.
The P/a ratio has a maximum value of ~ ho, close to that
observed in the event of February 25, 1969. The ratio
a/C,N,0 is approximately constant throughout the event. The
sensitivity of the ratios to particle energy changes during
interplanetary propagation will be examined in a separate paper
by Van Allen et al. [1971].
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VI. AWISOTROFY
The existence of an anisotropy associated with high energy
solar particle events has been pointed out by McCracken [1962],
•who showed that high energy particles arrive predominantly from
the west of the sunward direction at an angle of 50° with respect
to the sun-earth line, corresponding to the mean interplanetary
magnetic field direction. Recent studies by McCracken et al.
[1967] and McCracken and Rao [1970] have shown that during the
late stages of several events the anisotropy direction turned
towards the sun-spacecraft direction later in an event. The
initial anisotropy is referred to as non-equilibrium anisotropy
and the anisotropy prevailing late in an event as equilibrium
anisotropy.
Since PN1 and FNk channels are sectored, it is possible to
obtain anisotropy parameters for low energy protons and alpha
particles. An equation of the form A[1 + C cos (0- 5)] when fitted
to data points yields information about the magnitude of anisotropy
(C) and direction of arrival of the particle (5). These are given
in Figure 10 for the two flare events of November 18, 1968 and
March 30, 1969 which are attributed to west and east limb flares,
22
respectively. The large values of C indicate a large anisotropy
during the initial phases of both the events. As the events
progress, C gradually diminishes toward 0.1 to 0.2, showing an
approach to near isotropy (equilibrium anisotropy).
A different approach in presenting the data on anisotropy
is shown in Figure 11, where the event of February 25, 1969 is
selected for illustration. The diagram shows how the anisotropy
vector (C, 5) wanders in the ecliptic plane (hourly values of
PN1 data used). The tips of the anisotropy vectors (C, 5) are
joined, the arrows indicating the direction of movement of the
anisotropy vector (C, 5). The magnitude of anisotropy was small
on February 2h and the direction of arrival of the particle was
west of the spacecraft sun direction. As the event starts,
protons exhibit pronounced anisotropy, and with the progress of
time, the anisotropy diminishes in magnitude and turns to
equilibrium anisotropy.
23
ACKNOWLEDGEMENTS
The work at the University of Iowa was supported in part by
contract N00014-68-A-0196-003 with the U. S. Office of Naval
Research and by grant NGL 16-001-002 of the National Aeronautics
and Space Administration. The work at the University of Calgary
was supported in part by grant A-3865 of the National Research
Council of Canada. The solid state detector on Explorer 35 was
developed at the University of Iowa by Drs. S. M. Krimigis and
T. P. Armstrong. Dr. P. G. Steward of the Lawrence Radiation
Laboratory, University of California, provided us with his
computer program for calibrating the stopping power and range for
nuclei of various Z in silicon. One of the authors (PV) wishes
to acknowledge the award of a research assistantship at Iowa
during his stay there.
IA
fOv
h
so
H
PM
ST(3
co
toJ-l
0
•p
o
0)
-p
0M
<D
^H
o
•H
tM
A
<H
O
w
o
•H
-P
CO
•Hh
0)
•p
(0
e
H
a
oc
•H
ft
rH
fcl
•^ H O^
O o5 -P fn
0 0 0 )
O t3 -P
H -H fe W
05 -PO O CJ W
o }) -H a
h £ fH 5
Q, ,_J
 t ^  ^ -Hi Tl -P ^— ^
•H -d tt)o -H a
4> O O ^
K t3 0) M
H
fl
O
•H
•P 0)
8 g^
5 § «
H CO
3
W
C
O >
M XI)s
t">
> ^
ci5 H
£
CO
3rH
•a>
•P CD
nj
" -v
<3
d W&
PH
<^!
M >
|*
Ira"01
W
C >0 S
fi A4
-P
O *N
0) 0)
rH W
W
hO
-p
o
0)
-p
0)p
* * ^CO CM CMCM J" H
0)
a
o
00 ON
^ &
o •
0II
0)
s
0}
0)!>
•H
-P
O
0)to
0)
-0
pfinU]J$£
£
o3 lA
J-b i
H t-
«5 trNc •
0 0
•H
-p
o
8
•H
•d
•H
o rA
J- — 'CM •
l>- 00 VD
• > • 1
O <1J O CMS CJ
A IA Air\ o
A
PiM
8!
•H
CO -p O
J- 0 IA
a> i
<** i
A <H /I
W
rH CM K\ p-j
^3 SI ^g -^J
c5 o5 t3 PH
t- C-- t-
• • •
CM CM CM
H H H
IA ON
o o op
'cS 8 8
• « *
o o o
V
O IACM Oto\ H-3- rA
H CM K> t~-
1 1 1 1
ONKN IA ON
• • • •
VO t-t- C~-
cc CD a
o 5o <D c
^3 O W) O
fc ^ |=5> Q)
rt» 13 LT t^CD T-* 7S ^H
O -H Ofe
CM
CM O
C^ H
1 1 1
00 1
vo O
• •
O CM
O
H1^ 1 1
CO 1 1£
•o
1 1 1
1 1 1
CM CA -3-
fS %Z fZi
Q-\ HH Q4
•
^
H
+ 1
t>*
C^
•rH
«J
-p
Ti
0)
o
*H
bO
H
*
•pq
>
oo
rH
oj <&
H
M fs
CO
V f>
fl §
CD I>
EH 6£5
o
§"
I
CQ
CQ
R
em
ar
k
is
.
^ ^
55
-p
8^
•p
8(^
0)
-p
H
CO O CO •q co s3 >»
•rl CO +J 05
H ••> .q O
O O w W) co a)
<u H a q 3 TJ
- O H O -H ,2
fn rl -O
CD § ho 3 £ §
03 ty 'O fljj (U
4J CO CQ
Sj d) U"N ^ CM *ri
M -H CM W H O t*
0) 3 1 - H 0)
> O* O * CQ TJ -P
-O O II O O -H a)q -p x vo ri Pt)
co 3 ^"^ |^ - •* co
o H <; ON cu ft
<u -H CH w
CO ^>3 0 •% *H r-^  CU
• H o j a C M O ^ f n C Q
h h 3 r-t ON 0) oj
a i ^ ^e. > o>
•P 24 'H OJ ITN O fn
co CD X ^— • O .00
CO
*!
l/N CO
tO\ 4J IfN
OJ MH rH
?
h- OO ITN
IT\ IfN IT\
O O O
rH H H
VO VO O
OJ OJ ITN
O O O
i-l H H
O
CU -P
3 |
S^H q ^
0} O 0}
S? .H -P rH
K -P 3 co
ft CU O
X C> &~^
cxT
H
. 00
O ON
fSt T~1
'
|
"^^
0) CO
. S .3
>» t>> 0
CO Oj -H
O CQ O -P
Q) CU (U ^H
O ft
H vH rH
0) -P CO*
3 r l 3O.
bDQ W) hON (X) CU
•sCO •« • -P
•P -P OJ CQ
CO II O>
CO CQ II O
C O C O )
O h) O -rj CQ
-p . -p •«
CO CQ
>» >>
?H CD M 05
CU T3 CU T3
C^H|W ^H|QI
r<
g
•S^
o
N""S
&
"^N °
rH rH
>
0)
> a
cu
s
 I$H
W LT\ W •q ip> q oo o
-P A -p A
0 0
1-t ft h ftffi W ft pq
>»
a)
0
CU CO
•o ^cu
H 0
3 HJ '
TJ VlH
05 cdl
M ft""~^
OJ 0)
+TOJ CQ
cu
CQ II Oq cu
O '0 CQ
43
 id09
CQ
0?
O) T3
£)H|OI
rj
g
O^
K"NONO
O
rH
CQ
CU
rH
0 >
•4-^  S
a O
OJ
X! A
<j; w
>>
0}
o
0>
0>
H rH
3 -H '
"P b^ *§fn 0$^^ S
bo ft ^H CO
cu £>
-P'OJ co O
CU -H
w i i o ^ i
§^,S w
43
 O09 o
CO
>J
CU T>
tSr«W
XI
H
O -*H K"\
VO O
H rH
tTN
O VD
rH rH
~~^ O
> -H
CO -O
S o3
ITN K
6 O H
S A H CO CQ
o uj q E-< PQ
26
rH
•P
g
£
ON
$
£ ~
H bj>
CU CO
H 3
•9 %oJ X>
EH cu
fa
l-i
O
i3
CO
U
«
IB
,
?S tH
S
-p
d) f-
H r~i
S
-p
a
CU
w^
CU
-p
1
0
CU
CQ
•*> 0!
O SON 8
s
«— -*"
C
3 W)
CO FH
CU
•P
<0 CO
•H K> PP
& 6 w
«.
O . II VD
•** $^ -5
.° CH "^
-P o ^d a oj t>.
FH 3 rH fT\
,M «H OJ
PH a fe S
^
Q
H
3 3
MD KALfN O
oo o\
0
CU
FH
rH
<" fa
rH
o CO
>sOJ O
PH 1 4^>
*~ *
•X
ITN.
OJ
• ON
<u ON
fa H
•o si si
S CO -p3 MD
X> OJCU FH
CO O CU
•H fa XI
FH -P
•p a
co O
fa CU CO
c -P
•H FH
. rH CO
CU O -P
CO CU CO
•H -a
FH CU
H CO
.^ 0$ CO
-4- 3 CU
• TJ FH
MD 03 O
H FH CD? do-a
CO
FH
g
FH X!
CU
<w S
<C ?
O
ITN
0
ON
o^
-p
•Ha,
o^
C FH
0 CO
FH tQ
-P H
3 o5
CU O
CO
•P
3
CO
CU
CO
03
CU
FH
O
C
•H
CU
g
-P
CU
cct
£
FH
CU
5
*2
H
rH
H
OJ
ON0
CO
rj
•P
O
&
.
cai
?
CO
. cu
r*> rH
a) o
O -rH
CU -P
-O FH
oS
CU ft
-p
H"S
ftrH
5 II
O
0
cu 1-3
! i
rQ S
C^US
ITN
A
Wf
"
CO
. cu
CU rH
C CJ
•H -H
0 h •
CU CCtrH
^"X
•O IPv FH
CO rH .p
KN CO
CU
CO II U
•H CU
FH TS CO
S .0)111
CQ
CU 13
^H CO
< i
•p
OJ
8"
*
^>CU
2
OJ
CO .
C 0
£ A
o
£w"
,
0) co
O ^
•rH rH
H 0
0 -H •
CU -PH
T) FH I
CO "^^
•O ft FHa cu3 o -pON CQ
CQ II O
•H I)
>H T-3 W
S .01
w g^-'
CQ
FH a3
CU 13
t^  CO
< ?
XI
-P
V£l
"-s^
8
UN
OJ
H
CQ
CU
H
0 >
•H CU
«jjj JgJ
So
PH •
OJ
&4
<t w
(
cu co
C cu
•H rH
H 0
0 -H .
*O FH i
CO ''"^
TJ ft FH§ 0)O -P
rH CQ
CU
CO II U
•H CU
FH T-J CO
|xNg
CQ 2^-^
CO
FH 5?
CU T3
HH CO
< ?
XI
-p
V£l
"^ ^^
O
o
rH
ITN
OJ
H
**»^
C^U
2
o • c
o o
•s CU
& f\ r-\
0
"* 2 30 viT c
•B§
rQ
O
•H
FH
•P
CU
2
O
rH
H
^
(^ON
0
o
nH
•0
aS
«
r^H
-P
OJ CO
Of t^
^? PP
27
-p
c
CO
&
ON
\O
Q\
i— |
° cTH r^
CO U
H FH
0
1
1
COfl05
§
K
73 EJ
JH *^
KM
* e|B
•pQ)
W C""
H^
•P
g
W
CO
•p
A
o
CO
CO
CM§ 73CO
V^ ^  *|-(
<H
tjQ -rl
FH -P
CO C
CO
O 73
\D fH
Q
6
 §'
3 " ^£** -d
o U
a i "ft
•H^CM O
S Ix, »
8
f<S
o
vo
^^%
<D
rl05
~ El
rH
O 0?
>>OJ O
03 rH *H
P^ | ^j
OJ £*
£
j2
FH ^
0?
CO
co o5
c^ Q)
i ^  t .
O
tlD QJ
C2 t?
•HH x:
3 co
•a 3
•0 "S >>
co O a]t> fe o
FH CO
Q) o5 *O
CO
,O «H T3
•N-P
CO FH CO
ca a) CQ
fH ft-H
^ H ca
ij
ca
H
^x^
O
O
i— i
8
ITN
H
Oo
«
FHO
-P
•rl
8 S
^H W)
•J-5 rH
3 aJ
CO O
.^^
0
. CO
CO CO
C
(1) ^  ^
-o
CO
O H
H 0
CO -H
-P
CO O
•H
FH II
H O
Jdh,
•O .
cd X
FH co
O S
rH
cd
FH
CO co
r* ^5
co cd
CQ tJ
CO
\Q
H
8
VD
O
CO
S
CO ITv
fl ir%O .
-P AO
Jj Oi
Jr^ —^^
PM W
.
CO
a
•H
rH
0
CO
•a
COS co
6 H
H 0
CO -H
-P •
•0 Fjrl
Q 3^
FH
CO OJ CO
co rov 4^
•H co ca
FH
II 0
rH CO
oJ f-s co
3
05 X^S
FH ,d 0
H
a5
FH
CO CO
CO a3CQ -a
+>
CO
rH
of
rH
O
O ' — ^
^O ci
*~
^
O^J
ca .
o
•p AQ
,fn ft
.
CO
c
•H
rH
O
CO
•0
O S
H H
ca o
•H •
TJ -Pr-«
o5 co ^  *
CO CO
M r— -p
•H OJ W
FH
II 0
H CO
aS T-3 co
3
0 g —
H
Q)
FH
CO CO
CO ct5
CQ -O
s
"s
04
O
o
!
CO
a>
rH
0 >
•H CO
3 o
cQ
c** /\
fti— j ><
W
,
COa
•H
rH
CJ
CO
•a
O CO
rH CO
CO rH
O •
•D -rlfl
§-PI
FH "~»
CO ft CO T3
W -p CO
•H KN ca >
FH FH
II U CO
H CO co
Oj >rT> CO ,Q
3 O
73 • CQ
cd x a -p
o g-— s
H
05jj
CO CO
> >5(U o5
CQ 73
^
S
"s
KN
OJ
8
?
"-^ O
> fH
CO 73
S «i
«
ir\
O . C >0 0 M
•s CD -P
g; /\ ,_) CO CO
•v S 3 ^ 3
28
a>.
to
, 1
•n
CO
(H
1
c
1<C
p
CQ
fn
-P
Ifi
* •
Q>s
in
A
ftw
4-1
O
01
C
O
•g
J l^Ps
a to
EH 53s
>i^
o a
0) -H
Q
.
•—
.
O
+* -HkH
>— 1 CO J.
!> *""^  1 ^
<H 0 d
<1) (U
O w
o
o o
•l-l•n
to C
C o
•H
« II
oa
^^
c
•rl
3
EH
42
C
w^
H o o m
vo O cvj m ln^p^ H
O in o O o o H
H H H
CM CM CM
0 00
H H H
X X X
-£. '^SOA -d* ^
in in tn
H H
CM <M
0 0
H rH
X X
N^\ Q
M \^ Q\
tr\ ro
co co H-^f in mvo t— co i— I
H H C M C M C M C M C M C M C M C M
O O OOO O Oin o Ooo o o
H i H O O H C M O O H i H
o o o o o o o o o o
434343 ( 0 4 3 4 3 4 3 4 3 4 3 4 3
co co OS H m in invx) co co
H H H C M C M C M C M C M C M C M
OO O O O O O O
t?Srn. o o o o o o
^3 ^^ ^^ t""~ ^^ •* c^ nH CM ^^ CM
HrHOHHr - i aJHOH
1 ^
cT s^*0^
a? M ""*
f> QQ M «^
S M2 ? ^3
^ H ^l 8
O <1) ai
s c^ s
O f-O
O H ^r^
H
CM
o
H
X
in
H
sf
0
H
X
o
6
€j _i ^  rf\ i ^M *t^ VI *^Jff\ o H in
"W"
Q t— CM O
O H H O
O O O O
w -p to ia
H O H H
"^c?^
t*^ h^— C\l C*~~
H O O iH
y?5
CTN
1
A H*
t> «H
* FH
a5 Pi
S<
o(1)Q
m
0)
o
«
h
8w
EH
•d
o
•rl
fn
8
-P
8~
o o
-p -p
•P T)
CO ft
O
O LTv
O O
ON
0>I
0)
vo o
O -=h
C -P(M IT*
II
O O
•p -p
-p
CO
£
H
•H
^
-g
FH
S
30
REFERENCES
Armstrong, T. P., and S. M. Krimigis, A statistical study of
solar protons, alphas and Z > 3 nuclei in 1967-1968,
Johns Hopkins University/Applied Physics Laboratory,
Preprint, October 1970.
Axford, W. I., Anisotropic diffusion of solar cosmic rays,
Planetary Space Science, 13, 1301-1309, 1965.
Biswas, S., and C. E. Fichtel, Composition of solar cosmic rays,
Space Science Rev., U, 709-736, 1965.
Burlaga, L. F., Anisotropic diffusion of solar cosmic rays,
J. Geophys. Res., 7_2, W±9-hh65, 1967.
Drake, Jerry F., Sr. Jean Gibson, O.S.B., and James A. Van Allen,
Iowa Catalog of Solar X-Ray Flux (2-12 A°), Solar Physics,
10, 433-^ 59, 1969-
Fichtel, C. E., and F. B. McDonald, Energetic particles from the
sun, Ann. Rev. Astron. Astrophys., _5, 351-398, 19^ 7•
Forman, M. A., Convection-dominated transport of solar cosmic
rays, J. Geophys. Res., 76, 759-7&7> 1971-
Krimigis, S. M., Interplanetary diffusion model for the time
behavior of intensity in a solar cosmic ray event,
J. Geophys. Res., 70, 2943-2960, 1965.
31
Krimigis, S. M., E. C. Roelof, T. P. Armstrong, and J. A. Van Allen,
Low energy (> 0.3 MeV) solar particle observations at
widely separated points (> 0.1 AU) during 1967, Johns
Hopkins University/Applied Physics Laboratory, Preprint,
November 1970.
Lanzerotti, L. J., Solar flare particle radiation, Preprint, 1971.
McCracken, K. G., The cosmic-ray flare effect: 1. Some new
methods of analysis; 2. The flare effects of May 4,
November 12, and November 15, I960; 3- Deductions
regarding the interplanetary magnetic field,
J. Geophys. Res., 67, 423-434, 435-446, 447-458, 1962.
McCracken, K. G., and U. R. Rao, Solar Cosmic ray phenomena,
Space Science Rev., 11, 155-233, 1970.
McCracken, K. G., U. R. Rao, and R. P. Bukata, Cosmic ray
propagation processes. 1. A study of the cosmic ray
flare effect, J. Geophys. Res., J_2, 4293-4324, 1967.
NOAA, Solar Geophysical Data, December 1968.
NOAA, Solar Geophysical Data, August 1969.
NOAA, Solar Geophysical Data, September 1969.
Parker, E. N., Interplanetary Dynamical Processes, Interscience
Publishing Co., Chapter XIII, 208-243, 1963.
Parker, E. N., The passage of energetic charged particles through
interplanetary space, Planetary Space Science, 13, 9-49
1965.
32
Steward, P. G., Stopping power and range for any nucleus in the
specific energy interval 0.01 to 500 meV/amu in any non-
gaseous material, University of California/Lawrence
Radiation Laboratory, UCRL-18127, May 1968.
Van Allen, J. A., and N. F. Ness, Particle shadowing by the moon,
J. Geophys. Res., jk, 71-9?, 1969.
Van Allen, J. A., P. Venkatarangan, and D. Venkatesan, Intensity
ratios of protons, alpha particles, and C,N,0 nuclei in
solar particle events (in preparation, to be submitted
to J. Geophys. Res., 1971).
Venkatarangan, P., D. Venkatesan, and J. A. Van Allen, Solar
flare increases in cosmic ray intensity on November 18,
1968; February 25, 1969; and March 30, 1969, Acta
Physica Academiae Scientiarum Hungaricae, 29, Suppl. 2,
U09-U20, 1970 [Proc. llth Int. Conf. on Cosmic Rays,
Budapest 1969].
33
FIGURE CAPTIONS
Figure 1. Characteristic curves for the single element solid
state detector on Explorer 35- Most of the curve for
hydrogen is based on experimental calibration as is part
of the curve for helium. The high energy portion of the
helium curve and all of the curves for carbon, nitrogen,
oxygen, and neon are calculated using the data of
Steward [1968]. Electronic discrimination levels are
shown by horizontal lines PI, P2, P3, and P4.
Figure 2 a. Five minute averaged neutron monitor data for
November 18, 1968 for Sulphur Mountain and Calgary.
Figure 2b. Counting rate-time curve for the Explorer 35
detector GM2 during the November 1968 event. Divide the
counting rate by 0.18 to obtain the absolute omni-
directional intensity J in (cm2 sec)'1 for protons
E > 55 MeV (one hour averages).
Figure 2 c. Counting rate-time curves for the Explorer 35
solid state detector during the November 1968 event.
Multiply any counting rate by 12.7 to obtain the spin-
averaged unidirectional intensity j in (cm2 sec sr)"1 of
the labeled component of the beam.
Figure 3 a. Same as Figure 2 a, except for the February 1969
event.
Figure 3b. Same as Figure 2b, except for the February 1969
event.
Figure 3c. Same as Figure 2 c, except for the February 1969
event.
Figure ha. Same as Figure 2 a, except for the March 1969 event.
Figure 4b. Same as Figure 2b, except for the March 1969 event.
Figure 4c. Same as Figure 2 c, except for the March 1969 event.
Figure 5 a. Graphical diffusion analysis for protons E > 55 MeV
during the November 1968 event.
Figure 5 b. Same as Figure 5 a, except for the February 1969
event.
Figure 5c. Same as Figure 5 a, except for the March 1969 event.
Figure 6 a. Graphic diffusion analysis (unsuccessful) for protons
0.48 < E < 3.0 MeV during the November 1968 event.
~~ P ~-
Figure 6b. Same as Figure 6 a, except for alpha particles
2.0 < Ea < 10.2 MeV during the February 1969 event.
Figure 7. Same as Figure 6 a, except for protons E > 55 MeV
during the March 1969 event. Illustrates the effect of
two different values of t .
Figure 8 a. Time variation of the ratio of the intensities of
protons and alpha particles above the common specific energy
e = e = 0.5 MeV/nucleon during the November 1969 event
(three hour averages).
Figure 8 b. Same as Figure 8 a., except for the February 1969
event.
Figure 8c. Same as Figure 8 a, except for the March 1969 event.
Figure 9a. Time variation of the ratio of the intensities of
alpha particles and medium nuclei (C,N,o) above the common
specific energy e = e =0.5 MeV/nucleon during the
November 1968 event.
Figure 9b. Same as Figure 9 a, except for the February 1969
event.
Figure 9 c • Same as Figure 9 a.> except for the March 19&9 event.
Figure 10. Time dependence of the two anisotropy parameters C
and 5 in the spin analysis expression A [1+ C cos (9-5) ]
during the November 1968 and March 1969 events. The
auxiliary diagrams at the left of each figure show the
sense and direction of the net flux vector in the ecliptic
plane for 5 = 0°, 90°, 180% and 360°; e.g., outward flow
along the nominal garden-hose angle corresponds to 6 = 225°.
Figure 11. Vector representation of the time variation of C
and 6 (in the ecliptic plane) during the February 1969
event. In this diagram the zig-zag line connects successive
positions of the head of the C, 5 vector whose tail is at the
origin. The net flux vector is antiparallel to the C, 5
vector.
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